Magnetospheric substorms reflect the most pronounced periods of energy transfer from the solar wind to the magnetosphere and ionosphere of the Earth. Modem views of the substorm process have been substantially modified in the past few years by information inferred from analysis and interpretation of auroral images acquired by the UV imager flown aboard the Viking satellite. In this paper, I shall summarize some of the findings from the ongoing study of the Viking data base dealing with the nature of auroral surges in the evening sector and omega bands in the morning sector. These auroral forms reflect the growth of instabilities in the magnetosphere-ionosphere system and provide important information on the properties of the geospace environment in which the free energy to drive the instabilities is found. Substorms were originally defined using ground based arrays of detectors and any theory of substorms must account for the temporal and spatial properties of auroral forms. Any theory that does not address these questions is incomplete. The information presented in this paper therefore provides constraints which are necessary to incorporate into any theory of magnetospheric substorms.
Introduction
Much of the early history of substorm physics involved observational studies of auroral and electromagnetic phenomenology using either detectors at single stations or in arrays which were quite inadequate to reflect the global behaviour of the magnetosphere-ionosphere system and its response to the changing solar wind environment. Inadequacy of data usually is reflected in an ambiguity in interpretation of those data which are acquired, and the ensuing conflicts which occur in building the framework for interpretation of the data satisfying both local and global constraints is entirely understandable. Three notable conflicts which have occurred due to the paucity of data are:
(1) whether all substorm currents were confined to the ionosphere (cf. CHAPMAN, 1935) or whether field-aligned currents linked ionospheric currents to the outer magnetosphere (cf. ALFVEN,1939) .
(2) whether the substorm current could be described by a one cell (ef. AKASOFU et al., 1965) or a two cell (cf. SUGTURA and HEFFNER,1963 ) equivalent current system. This turned out to be a particular phenomenological component of the much larger question of the relative roles of directly driven activity and loading-unloading in the substorm process (cf. Fig. 3 . Evolution of the auroral oval during an episode of enhanced energy input from the solar wind (often created by enhanced southward interplanetary magnetic field). Some of the most spectacular episodes of expansive phase activity (featuring a multiplicity of aurora) surge, Pi 2 pulsation and short-lived magnetic bay activity) accompany the return of the IMF to a less southward configuration after a significant episode of enhanced southward IMF. The expansive phase auroral surges often exhibit significant multiplicity along the poleward edge of the oval as it contracts polewi rd following the reduction of energy flow into the magnetosphere. after its appearance is a commentary on the lifetime of surges. Fig. 10 . Viking image taken at 0112:10 UT on May 3, 1986 at the time of an expansive phase onset in the evening sector. The brightening of the equatorward portion of the oval in the evening sector accompanies the expansive phase onset, but the substorm westward electrojet is at high latitude close to Poste-de-la-Baleine (marked by the white dot on the east coast of Hudson Bay). Omega bands arc clearly evident near the equatorward edge of the morning sector aurora] oval. These omega bands (accompanied by Ps 6 magnetic variations) appear to be a near Earth Central Plasma Sheet phenomenon. Fig. 5 . Plot of the occurrence frequency of surges indicating the length of time they were tracked and the distance that their western edge expanded westward, which is at the most a half a time zone at typical aurora! oval latitudes (after KIDD and ROSTOKER, 1991 Fig. 9 . Percentage of time that surges are seen in each hour long local time sector of the evening sector auroral oval. It would appear that surges are a surprisingly uncommon feature of the aurora! oval. It bears mentioning that these data are taken at sunspot minimum with the average Ap for the days involved being 12 (after KIDD and ROSTOKER, 1991).
uncommon phenomenon. This implies that it is the driven system which is the major component of substorm activity, in accord with the judgement of AKASOFU (19$1).
(3) Every so often, one obtains a set of data which serves to answer several outstanding questions at the same time. The sequence of images obtained by Viking on orbit 386 taken on May 3, 1986 provided just such a data set which is now being explored in detail as part of the Coordinated Data Analysis Workshop CRAW 9. Figure 10 shows one of the images of this sequence, taken at the time of the onset of a clear episode of substorm expansive phase activity. What this one image taught us was:
(i) Aurora! omega bands, visible across the morning sector from the North Atlantic through Scandinavia into the U.S.S.R., occur in the equatorward part of the auroral oval which is the site of the topside ionosphere cps and Region 2 Birkeland currents.
(ii) If auroral structures with longitudinal periodicity can be attributed to a KelvinHelmholtz instability along a velocity shear zone, then one may have more than one velocity shear zone capable of producing such structures at any given local time. This is evident from the periodic structures near 72•‹N and 62•‹N visible across the Magnetic Local Time range 0030-0530.
(iii) Not all auroral brightenings can be associated with expansive phase arcs in the process of breaking up and, at least in the UV spectrum, auroral brightenings deep in the cps can appear more spectacular than the breakup arcs themselves. In the evening sector of Fig. 9 the extensive area in red near the equatorward edge of the oval had intensified at the same time as the arcs located at the same Magnetic Local Time near the poleward edge of the oval. In this case, two ground magnetometer stations (Ottawa and Poste-de-la-Baleine) were located near the equatorward and poleward edges of the oval respectively, as indicated by white dots on the figure. The magnetometer records clearly indicated that the substorm westward electrojet was located much closer to the high latitude station of a Poste-de-la-Baleine than to the lower latitude station of Ottawa notwithstanding the fact that the intense UV emissions near the equatorward edge of the oval were much closer to Ottawa than to Post-de-la-Baleine. From this, we can conclude that the expansive phase westward electrojet did not lie in the region of most intense UV emissions, but rather in the less spectacular region of discrete arcs near the poleward border of the oval. 
